The temperature dependent electrical resistivity of single crystalline SrFe 2 As 2 and BaFe 2 As 2 has been measured in a liquid medium, modified Bridgman anvil cell for pressures in excess of 75 kbar.
tiferromagnetic phase transition can be fully suppressed with a dome-like region of zero resistivity found to be centered about its critical pressure. Indeed, qualitatively, the temperature dependence of the resistivity curves closest to the critical pressures are the closest to linear, consistent with possible quantum criticality. For pressures significantly higher than the critical pressure the zero resistivity state is suppressed and the low temperature resistivity curves asymptotically approach a universal, low temperature manifold. These results are consistent with the hypothesis that correlations / fluctuations associated with the ambient-pressure, high-temperature, tetragonal phase have to be brought to low enough temperature to allow superconductivity, but if too fully suppressed can lead to the loss of the superconducting state. 
I. INTRODUCTION
Pressure is a thermodynamic variable that can be used to perturb and, hopefully, understand phase transitions. In the case of the recently discovered families of FeAs-based superconductors pressure has been particularly powerful. The application of pressure on polycrystalline LaFeAs(O/F) raised the onset of the superconducting transition from 26 K to 43 K 1 and the substitution of heavier rare earths for La achieved even larger ambient pressure increases in T c to 55 K via the lanthanide contraction (chemical pressure) 2 . Even pure LaFeAsO has been found to superconduct with a maximum T c =21 K for a 120 kbar pressure 3 . After the discovery of superconductivity in K-doped AEFe 2 As 2 (AE = Ba and Sr) 4,5 , CaFe 2 As 2 was discovered as a new member of the AEFe 2 As 2 series and found to have the smallest lattice parameters 6 . The application of pressure to CaFe 2 As 2 using self clamping cells with liquid media lead to the discovery of superconductivity for P ∼ 5 kbar 7, 8 .
Subsequent work with He-medium cells 9, 10, 11 demonstrated that (i) these materials are not only exceptionally pressure sensitive, but can also be very sensitive to strain and (ii) in the case of CaFe 2 As 2 , where there is a pressure stabilized collapsed tetragonal phase at low temperatures for P 5 kbar, the combination of a solidified pressure medium and a first order, structural phase transition leads to a multi-crystallographic phase at low temperatures with the superconductivity most likely coming from a remaining orthorhombic or even high temperature tetragonal phases. Subsequent studies of the effects of pressure on SrFe 2 As 2 and BaFe 2 As 2 have found that the higher temperature, structural / antiferromagnetic phase transition is much less pressure sensitive and that much higher pressures are needed to stabilize superconductivity, but there is poor agreement between the differing measurements, using differing pressure environments, often measuring only the upper, structural / antiferromagnetic or the lower, superconducting, phase line 12, 13, 14, 15, 16, 17 . In addition, strain stabilized superconductivity seems to be an ubiquitous feature of all of the AEFe 2 As 2 materials 7, 18 .
In this paper we assemble and present pressure -temperature phase diagrams for BaFe 2 As 2 and SrFe 2 As 2 using a liquid medium modified Bridgman cell configuration to measure temperature and pressure dependent electrical resistivity of multiple samples of each compound. We are able to determine both the pressure dependence of the upper, structural / antiferromagnetic phase transition, as well as the lower, superconducting phase.
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We have found that whereas there is a broad region of partial superconductivity (not even completely filamentary) that gives rise to a partial electrical shorting of the sample, zero resistivity exists over a smaller pressure range that is centered on the extrapolated termination of the higher temperature structural / antiferromagnetic phase transition line.
II. EXPERIMENTAL DETAILS
The SrFe 2 As 2 and BaFe 2 As 2 samples studied here were single crystals grown out of tin 19 , and FeAs flux 20 respectively. Electrical resistivity was measured by a four-probe method.
Samples were cleaved and then cut to appropriate dimensions (typically 700 × 150 × 30 µm 3 )
for high pressure studies. Four 12.5 µm diameter gold wires were fixed with silver epoxy in the (a,b) plane.
We performed resistivity measurements under pressures of up to 76 kbar with a Bridgman cell modified to use a liquid pressure medium 21 ; a Fluorinert mixture 1:1 FC70:FC77
was chosen in the present case. The pressure was determined at low temperature by the superconducting temperature transition of a lead sample 22 . The top and side views of such a pressure chamber are represented in figure 1 both as a photograph and as a schematic.
All temperature and field dependent measurements were performed in a Quantum Design Physical Property Measurement System (PPMS). A standard PPMS sample puck was fixed to a small pressure cell (23 mm diameter, 60 mm length, and 130 g mass). No thermometers were placed on the pressure cell. We chose a measurement current of 1 mA, although we measured the superconducting transitions for different currents: 1 mA, 0.1 mA and sometimes 0.01 mA, as needed. The magnetic field dependence of the superconducting transition was measured up to 14 T, with field along the c axis of the samples. The typical pressure variations between ambient and low temperature were previously estimated to be lower than 1 kbar, by fitting our lead data with a Bloch-Grüneisen law as proposed Eiling and Schilling 23 .
Measurements between 40 and 300 K were performed at constant cooling or heating rates.
The comparison between subsequent measurements of the resistivity of a lead sample measured first inside and then outside of the pressure cell (filled with 1:1 FC70:FC77) at ambient pressure gave us an estimate of the temperature shift between the PPMS sample thermometer and the temperature of our pressurized samples. This pressure cell was not measured at low temperature, but was kept at 300 K for one night before careful and successful unloading. The comparison at ambient pressure, before and after the load on this SrFe 2 As 2 sample is shown in figure 2 . The general behavior remains the same and the resistance didn't increase after the pressure unload compared to before, indicating that no cracks or irreversible defects appeared. Some silver paste was added to the sample contacts, weakened during the unload, which might explain the slight differences between the curves. The distance between voltage wires became indeed around 10 % smaller, which could have increased the relative contribution of tin, and might have also caused the difference between the two curves, around the structural transition temperature.
We may however worry that the measured samples could be damaged during cooling, because of thermal contractions of the pressure cell, even if the pressure variations estimated are low. Moreover, when the structural transition occurs, the sample dimensions may suddenly change by a few percent (in particular along the a and b axes 19, 24 ) and it will be strained by a solidified (frozen) medium. This was underlined in the case of CaFe 2 As 2 from studies using pressure mediums presenting different hydrostatic conditions 7, 8, 9, 25 . As can be seen in figure 3 , good hydrostatic conditions can be inferred from the narrow superconducting transition of the lead, even though the pressure medium has frozen by this temperature. Samples were characterized at ambient pressure by resistivity measurement between 2 and 300 K. The typical residual resistivity ratio was
and around 2.6 for BaFe 2 As 2 . Some differences were observed between the SrFe 2 As 2 samples, specifically for the low temperature behavior. In particular, we noticed in many samples a kink around 21.5 K (clearly shown in the inset of figure 2), with an amplitude ranging from a few percent to 75 % of the resistivity value. This anomaly has been observed at ambient pressure by several groups 12, 18 . It is attributed to small regions of superconductivity and may be created by internal strains 18 . Some samples also presented a partial superconducting transition, at around 3.7 K, due to the presence of tin flux (again shown in the inset of figure   2 ). We avoided such tin-contaminated samples for high pressure measurements.
We observe the changes under pressure in the resistive signature of the transition attributed to the combined structural and antiferromagnetic transition, up to around 30 and 40 kbar respectively for SrFe 2 As 2 and BaFe 2 As 2 . Whereas both compounds manifest a similarly shaped resistive signature at ambient pressure, a small, sharp, but clearly detectable, local maxima is seen just above the loss of resistivity under pressure for BaFe 2 As 2 samples but not for SrFe 2 As 2 (as can be seen in figures 4 and 8 below). This feature may be attributed to a superzone gap opening and the fact that it is only observed in some of the samples may be due to in-plane anisotropy 26 . However, this feature seems to be linked to the samples batches much more than to the compound. Although we didn't observe any such feature in the three SrFe 2 As 2 samples measured, Kotegawa et al. 15 saw this feature under pressure for their Sn-grown single crystals of SrFe 2 As 2 . By carefully examining resistivity curves from our samples and from other SrFe 2 As 2 studies 12,15,27 , it seems that this feature develops under pressure only for samples presenting already a sharp peak of small amplitude (less than 1 %) at ambient pressure. In our BaFe 2 As 2 samples, such a peak was 5 also observed at ambient pressure for most of the samples measured.
III. RESULTS
A. SrFe 2 As 2 Figure 4 presents temperature dependent resistivity under pressure for two different SrFe 2 As 2 samples. The difference between the 300 K resistivity values at ambient pressure is most likely due to a combination of uncertainty in determination of sample dimensions (up to ten percent in the basal plane and up to 30 percent for the thickness) and cracks or defects induced while cleaving the samples, which might change the current path.
The relative resistivity decrease at ambient temperature is shown in figure 5 for our two SrFe 2 As 2 samples. For comparison, low pressure data using a piston-cylinder cell 12 were added. The three sets of measurements are in a quite good agreement. If any damage occurs to the samples during the temperature cycle it results in small resistivity differences compared to the pressure induced changes. We observed a resistivity decrease in a monotonic and essentially linear fashion with pressure, with a close to a factor 2.5 decrease between 0 and 65 kbar.
The drop in resistance that is associated with the combined structural and antiferromagnetic transitions, is observed around 202 K at ambient pressure. The transition, relatively sharp at ambient pressure, is shifted to lower temperatures and becomes broader and less pronounced as the pressure is increased. We could not observe it clearly for pressures higher than 30 kbar.
When we apply pressure, a kink appears at 37.6 K. As pressure is increased, it becomes more pronounced and for pressures higher than 29 kbar the kink becomes a complete transition to zero resistivity. This transition progressively becomes narrower up to around 35 kbar. For higher applied pressures it is then broadens again and shifted down to lower temperatures.
The low pressure kink at low temperature has been observed previously by Torikachvili et al. 12 but as described above, it did not become a clear transition to a zero-resistivity state by the maximum applied pressure of 19 kbar. Its transition temperature is in very good agreement with the one we observed at ambient pressure for the sample measured in cell 1. Up to 16 kbar, the onset temperature of this feature remains relatively constant and at 18.9 kbar, there is an increase in the onset temperature of this feature. sharp loss of resistance, preceded by a small (superzone gap-like) local maximum 26 . As pressure increases, the loss of resistance decreases and the local maximum broadens and weakly increases. By 40 kbar, both features are no longer detectable. In order to be consistent with the SrFe 2 As 2 study, we chose the maximum of resistivity derivative as a criterion to determine the transition temperature.
Unlike SrFe 2 As 2 , at ambient pressure there is no low temperature kink, but as soon as pressure is applied, one appears, with an onset temperature around 33 K. As pressure is increased the drop in resistance sharpens although the onset temperature of this kink-like feature does not change significantly. By 40 kbar a zero resistance state is stabilized, reaching a maximum for applied pressure near 55 kbar. At higher applied pressures the onset of the 7 kink decreases slightly and the width of the transition broadens again.
The general behavior observed for both pressure cells (Fig. 8 as well as Figs. 9 and 10 below) shows good reproducibility for BaFe 2 As 2 under high pressure. Figure 9 shows that the resistivity at ambient temperature for cells 1 and 2 present a very similar decrease. As was the case for SrFe 2 As 2 (Fig. 5 ) the decrease is essentially linear over this pressure range.
It should be noted that for temperatures higher than 100 K, we observe a few differences between samples, such as the resistivity slope, steeper in the case of cell 1 for all pressures.
The anisotropy reported for this compound is considered as small, but we might expect from anisotropic studies 28 that it is enough to show changes in resistivity when the current path is different. The superconducting transition of BaFe 2 As 2 in magnetic field up to 14 T is shown figure   11 . The pressure measured is 54.7 kbar, in the region where the superconducting transition is narrow. The behavior observed is very similar to SrFe 2 As 2 , whereas the H c2 we estimated from this relatively low field range is around 20 T lower. The transition width increases from 1.1 K in H = 0 T to 2.5 K in H = 14 T. In particular, the zero-resistance state is obtained more slowly. An increase of the T c,onset slope is also noticed. From a linear extrapolation to T = 0 K of the three data points with H≥10 T, we obtain H c2 =66 T whereas H c2 =60 T if we use data with 4 T≤H≤8 T.
IV. DISCUSSION
This comprehensive study of the response of both the structural / antiferromagnetic and superconducting transitions of single crystalline SrFe 2 As 2 and BaFe 2 As 2 to hydrostatic pressure can be compared to earlier, partial studies of these compounds. In the case of 14 that shows a dramatically slower suppression of the resistive feature. This work was done on a polycrystalline sample, and for highest pressures used NaCl as a pressure medium.
Given the known sensitivity of these materials to strain, it is not surprising that liquid media and single crystals are preferable.
In the case of BaFe 2 As 2 , the literature is more sparse. There are two transport studies: Fukazawa et al. 16 on polycrystalline samples in a liquid medium and Mani et al. 17 on poly-and single-crystalline samples in a solid medium (steatite), both scenarios are prone to strain. Mani et al. 17 cannot detect a structural / antiferromagnetic transition for pressures greater than P ∼ 15 kbar and a qualitative comparison between pressures is not possible, due to probable cracks / irreversible defects to the sample as their strong increase of the ambient temperature resistivity (higher than a factor 5 between 0 and 72 kbar) proved.
Fukazawa et al. 16 find a suppression of this phase transition that is much slower than our results. Fukazawa et al. 16 result is similar in its deviation from single crystal results as the polycrystalline work by Igawa et al. 14 on SrFe 2 As 2 discussed above. Susceptibility measurements by Alireza et al. 13 detected diamagnetism but at pressures essentially shifted by 10 kbar lower than our zero resistivity dome. Since Alireza et al. 13 did not measure the pressure dependence of the structural / antiferromagnetic phase transition it is impossible to determine how well their superconducting region correlates with the higher temperature phase line.
For both the SrFe 2 As 2 and the BaFe 2 As 2 systems studies of the transport properties of single crystals under high, but as hydrostatic as possible, pressure are needed to establish the relation between the structural / antiferromagnetic phase line and the superconducting (or zero resistivity) dome. In our studies of these systems up to P ∼ 80 kbar we have been able to achieve this goal.
The relationship between the low temperature kink, seen in our data at all pressures higher than ambient, and zero resistivity (at least complete filamentary superconductivity and possible bulk superconductivity) is clearly described by our data and summarized in the two T(P) phase diagrams shown in Figs. 6 and 10. For both compounds it is worth noting that the temperature associated with a zero resistance state is relatively pressure sensitive, rising toward the kink temperature and then dropping away from it as pressure is increased.
These data support the idea that the kink-like feature can be associated with some form of strain induced superconductivity in a very small fraction (below the percolation limit)
of the sample with a distribution of T c values ranging as high as the maximum T c for the material. Once induced this hypothetical strain field is relatively pressure insensitive. This is consistent with recent work by Saha et al. 18 for the case of SrFe 2 As 2 where high temperature annealing is necessary to remove the strain induced kink and superconductivity.
The degree of superconductivity associated with the zero resistivity dome can be probed (at least a little) by the measurement of current dependent resistivity. Figure 12 presents data for BaFe 2 As 2 with P ∼ 39 kbar (near the onset of the zero resistivity dome), and for SrFe 2 As 2 for P ∼ 33 kbar (near the local maximum of the zero resistivity dome), and P ∼ 53 kbar (on the high pressure side of the local maximum of the zero resistivity dome).
Whereas there is no significant current dependence of the resistivity for pressures near the optimal pressure for superconductivity, there is a clear current dependence on both the low and high pressure sides. This is consistent superconductivity of a more filamentary nature existing at the low and high pressure edges of this dome. Unfortunately the lack of a significant current dependence (over this limited current range) does not prove true, bulk superconductivity in the sample, even at the optimal pressure, but the data does allow for the comparative statement that the superconductivity is less filamentary near the center of the zero resistivity dome.
The location of the zero-resistivity dome in the BaFe 2 As 2 and SrFe 2 As 2 T(P) phase diagrams is noteworthy as well. For each of these compounds we find that the maximum in T c is found near the pressure where the extrapolation of the structural / antiferromagnetic phase line reaches zero. (This key observation is possible because we were able to detect both the upper and lower phase transitions during the same measurement.) Extrapolations of the structural / antiferromagnetic phase line gives a critical pressure of P ∼ 35 kbar for SrFe 2 As 2 and P ∼ 55 kbar for BaFe 2 As 2 (both of which match the maximal T c regions nicely). Although, as discussed above, the range of bulk superconductivity is not well know, the central region of the zero-resistivity dome is the most likely pressure range to find bulk superconductivity.
The location of the superconducting dome can also be related to the changing, low temperature, normal state resistivity. Figure 13 presents the low temperature resistivity (just above the maximum superconducting or kink temperature) as a function of pressure for SrFe 2 As 2 (a) and BaFe 2 As 2 (b). For reference Fig. 13 also shows the location of the zero resistivity dome. For SrFe 2 As 2 (with its lower characteristic pressure scale) the R 40K (P) data manifest the sharpest drop right at the pressure associated with the maximum in the zero-resistivity dome. This is also the pressure range that the extrapolation of the structural / antiferromagnetic phase line would cross 40 K. For BaFe 2 As 2 (with a higher characteristic pressure) a similar correlation between the change in the low temperature resistivity and the zero resistivity dome can be observed, but at higher pressures and over a wider pressure range.
The location of the zero resistivity dome around the critical pressure for the structural / antiferromagnetic phase transition raises the question of possible quantum criticality. Unfortunately we only have resistivity data and, given the relatively high H c2 (T) values for these materials (as shown in Figs. 7 and 11 ), we only have these data for relatively high temperature (T 40 K near the critical pressure). This being said, a closer examination of the temperature dependent resistivity data presented in Figs. 4 and 8 reveals a more linearlike temperature dependence just above T c for pressures close to the optimal pressure and more super-linear temperature dependences for pressures both below and above the optimal pressure. Measurements in a diamond anvil cell, with He as a pressure media and exceptionally high magnetic fields (H 60 T) together with the normal state magneto-resistive corrections will be needed to make a more quantitative statement.
As the pressure is increased beyond the critical pressure the ρ(T) curves start to fall on a universal, low temperature manifold, with each subsequent pressure defining this manifold 11 to a higher temperature. This behavior is again more easily observed in SrFe 2 As 2 given its lower critical pressure, although is can be observed starting to set in for the highest pressure BaFe 2 As 2 data sets as well. This behavior is reminiscent to what was observed in CaFe 2 As 2 as increasing pressure stabilized the collapsed tetragonal phase at higher and higher temperatures. For SrFe 2 As 2 and BaFe 2 As 2 there is no evidence for a phase transition to a collapsed tetragonal phase, but there is evidence for a pressure stabilized high temperature state that has greatly reduced resistivity. For each of the AEFe 2 As 2 (AE = Ca, Sr, and Ba) this low resistivity state does not support superconductivity. This may well be related to the more general observation that can be made about superconductivity in the doped FeAs-based compounds: superconductivity occurs when the fluctuations or correlations associated with the high temperature tetragonal state are brought to "low enough" temperature. If these fluctuations or correlations are fully suppressed (i.e. the resistivity is fully reduced to that of a non magnetic, non-correlated metal) then superconductivity is no longer supported.
V. CONCLUSIONS
By measuring several samples of BaFe 2 As 2 and SrFe 2 As 2 in a liquid medium, self clamping, Bridgman cell up to pressures approaching 80 kbar we have been able to determine the complete pressure -temperature phase diagrams for these two parent compounds of the AEFe 2 As 2 superconductors. Both of these T(P) diagrams consist of three basic features, (i) a structural / antiferromagnetic phase transition that is suppressed by increasing pressure,
(ii) a zero resistivity dome that is relatively pressure sensitive and also appears to represent less filamentary superconductivity near its central region, and (iii) a kink-like feature that is relatively pressure insensitive that is thought to be associated with small parts of the sample manifesting a spread of T c values, probably originating from strains / defects rather than from the hydrostatic pressure. We have found that the zero resistivity dome is centered around the critical pressure for the structural / antiferromagnetic phase transition (P ∼ 35 kbar for SrFe 2 As 2 and P ∼ 55 kbar for BaFe 2 As 2 ). We have determined this critical pressure both via the extrapolation of the structural / antiferromagnetic phase line down to T = 0 K and via the change in the low temperature (40 K), normal state resistivity associated with transition temperature passing through T = 40 K.
These data imply that the superconductivity found in this system may be linked to a quantum critical point associated with the suppression of the structural / antiferromagnetic phase transition. Although the high temperature, and high H c2 (T) curves, associated with the superconductivity make quantitative analysis of the resistivity difficult, there does appear to be a trend toward more linear-like temperature dependence of the resistivity in the region of this critical pressure and more super linear temperature dependences for both lower and higher pressures.
More quantitatively we can link superconductivity in SrFe 2 As 2 and BaFe 2 As 2 to bring- and (b) for BaFe 2 As 2 . For reference, the zero-resistivity dome (hatched area) from the T(P) phase diagram is also shown (left axis).
